Mixed-type inhibition of pulmonary angiotensin I-converting enzyme by captopril, enalaprilat and ramiprilat.
We have compared at the enzymological level pulmonary angiotensin I-converting enzymes (ACE) purified to electrophoretic homogeneity from four mammalians species: pig, rat, monkey and human. Using both substrates hippuryl-histidyl-leucine and furylacryloyl-phenylalanyl-glycyl-glycine in steady-state conditions, all the ACEs exhibited Michaelis kinetics with identical Michaelis constants, maximal velocities, optimal pH and optimal activating chloride-concentrations. The apparent inhibitory constant was higher for Captopril than for Enalaprilat and even more so for Ramiprilat irrespective of the origin of ACE and the substrate used. Although these inhibitors have been described as competitive inhibitors, Lineweaver-Burk plots were not in accordance with a simple competitive model; moreover, Dixon plots were rather characteristic of non-competitive inhibition. These data emphasize the hypothesis that ACE inhibitors act with mixed-type inhibition, which is consistent with their slow-tight binding to the ACE active center, also with binding of chloride on a critical lysine residue leading to a potential conformational change, and finally with the fact that ACE has two domains, each bearing one catalytic site. On the other hand, as identical kinetic parameters were obtained on the different ACE preparations, results from animal models should allow the extrapolation to humans, in particular for investigations on both renin-angiotensin and kallikrein-kinin systems, and on their inhibition.